peated applications of corral manure at 2-, 3-, and 4-year intervals increased yields of blue grama (Bouteloua gracilis) by 250 to 300 percent, while western wheatgrass (Agropyron smithii) yields averaged 150 percent of the yields from untreated vegetation.
Applications of nitrate and phosphate to native vegetation on the Great Plains region-of southern Canada were discussed by Clark and Tisdale (1945) . Nitrates increased yields 32 to 36 percent but did not increase the protein content significantly. Phosphates did not increase yields but did increase the phosphorus content of the herbage.
Significant increases in yields of dry herbage, chiefly western wheatgrass, were obtained from annual topdressings of nitrogen on native range at 2 rates during a 6-year study in central North Dakota (Rogler and Lorenz, 1957) . Average annual precipitation at this location was near 18 inches for the period of study.
Materials and Methods
Fertility studies were established in northeastern Colorado in 1951 Colorado in , 1952 Colorado in , and 1953 on the Central Plains Experimental Range operated by the Agricultural Research Service in cooperation with the U. S. Forest Service. The study area of approximately 40 acres had a uniform stand of native vegetation. It was located in a 600-acre pas-239 ture that had been used for several years as a holding pasture for cattle. This pasture had been grazed for about a week each spring and fall. Stocking rates were relatively high, and the utilization had averaged nearly 40 percent by weight of the annual production of blue grama and buffalograss (Buchloe dactyZoides) each year.
The density and composition of the native vegetation on August 1, 1952, are a palatabl e perennial forb, was the only other species that furnished 1 percent more of the total cover.
The soils on this experimental area belong to the Ascalon series, although they are not fully typical of that series. They differ by having too dark a color in the surface soils and by having too much clay in the subsoil. The gross characteristics of the soils on the experimental area are as follows: The surface soils are about 12 inches thick, with a dark grayish-brown color, sandyloam texture, and a weak finegranular structure. They have a very firm consistence when dry and a pH of about 7.5. The upper subsoil is 15 inches thick, with a dark grayish-brown color, light clay texture, and a coarse to moderate blocky structure. The dry subsoil is hard, and the pH is about 7.8. The lower subsoil is a light-gray, fine sandy loam with little structure and a firm consistence. It is a zone of high lime accumulation.
The substratum is a loose, pale-brown Climatic conditions during these fertility trials were normal except for the acute drought of 1954. The 6-year (1951-56) average annual precipitation was 11.13 inches ( Table 2 ). The 18-year (1939-56) average for the same area was 11.67 inches.
Well-rotted cattle manure was topdressed on a 6-acre area at the rate of 10 tons to the acre in the summer of 1951. As determined by standard laboratory analyses the manure contained 85 pounds of total nitrogen, 92 pounds of available phosphoric acid, and 84 pounds of watersoluble potash per acre. On April 27, 1952, seven commercial fertilizers were topdressed without replication on plots 8 by 50 feet. They were nitrogen (N) , potassium (K) , phosphorus (P) , and the combinations NPK, NK, NP, and PK. A 12-foot border strip separated the plots.
The rates per acre were 67 pounds of nitrogen in ammonium nitrate (NH~NO:I) , 100 pounds of phosphorus in phosphoric oxide (PROS), and 150 pounds of potassium in potassium chloride (KCl). These plots were not grazed until 1957.
On April 15, 1953, five fertilizer treatments (N, NP, NPK, P, and K), and two check treatments were established in two replications each on plots 10 feet wide by 300 feet long. The fertilizers were drilled into the native soil to a depth of 3 inches. The empty drill was run through the sod on one set of check plots, while the other set was untreated.
The application rates in pounds per acre were N, 80; P, 100; and K, 200. These plots were protected from grazing through 1956.
Yield measurements
were obtained from the manured and the untreated native range areas in 1952, 1953, and 1956 . The drilled fertilizer and check plots were sampled for yields in 1953 and again in 1956. The vegetation on each of the treated and check plots was examined by the square-foot-density method in early September 1956; 20 sample plots of 25-square feet area were used for each of the 10 fertility and grazing management treatments.
Observations and Resulfs

Vegetation Growfh
Growth of vegetatior varied widely from vear to year during these trials. The manure was applied too late in 1951 to influence vegetation growth that year, but in 1952 the growth of the short grasses was more luxuriant on the manured area than on the untreated native range. The midgrass species did not respond to the manure treatment.
The plots topdressed with commercial fertilizer in 1952 showed no observable differences in volume of growth that year. The vegetation on plots receiving nitrogen retained a green color about 10 days longer than This forb growth was much heavier on the manured area than on the untreated native range. The growth of annuals was taller on the nitrogen plots but somewhat less dense than that on some of the other plots among the fertilizer treatments.
Observation in 1956 showed changes from 1955. The mortality of short grasses from 1955 to 1956 on all the nitrogen plots appeared to be more severe than it had been from 1953 to 1955. The grasses on the check plots and potassium plots had little if any new mortality, and those on the phosphorus plots appeared to have made some recovery.
The manured plot produced more annual forbs, chiefly Russian thistle, in 1956 than did the untreated range, but the density
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of the grasses was not materially greater than that on the untreated plots (Table 3) . Density and growth of annual forbs on the nitrogen plots were greater than on the phosphorous, potassium, or check 'plots (Figure 1) . Competition from grasses on the phosphorus and check plots may have reduced the growth of annual forbs. This does not hold, however, for comparison between the potassium and the nitrogen plots. The 1956 vegetation cover on the plots treated with nitrogen in 1953 was definitely poorer than it was on all other plots except the grazed untreated range. Protection from grazing 1953 to 1956 helped the grasses to maintain their stand on both the manured and the untreated native range.
Drought Effects
The acute drought of 1954 caused a heavy mortality of some grasses and perennial forbs, and increases in the density of annual forbs, (Tables  1 and 3 ). These drought reactions varied among the different fertility treatments. Application of nitrogen and potassium increased the mortality of grasses over that suffered from applications of manure and phosphorus unaccompanied by nitrogen.
Nitro- Short-grass yields and midgrass yields were sampled separately in 1953, but they were not separated in 1956 owing to the very small yields from midgrasses. Significant increases in short-grass yields over those of the drilled check plots were obtained in 1953 from all drilled-in fertilizer applications containing nitrogen (Table 4 ). The shortgrass yield from untreated plots also was significantly larger than the yield from the drilled check plots, indicating that the drilling was unfavorable.
The fertilized plots did not outyield the untreated check plots, but the yield of short-grass herbage from the grazed manured plots was significantly larger than the yield from the grazed untreated plots. Midgrass yields were erratic and showed no specific effects from fertilization.
Yields from the palatable grasses were smaller in 1956 than in 1953. Differences among yields from the several treatments, however, were significant again in 1956. The yields per unit area of grass density were not widely dispersed and they indicate little carryover of fertility effects from 1953 to 1956. Differences in density of palatable grasses influenced the variation in yields. 
